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A summary is given of the 5th International Conference on Hyperons, Charm and Beauty Hadrons held in 
Vancouver, Canada, June 25th to 29th, 2002. This series of conferences began in 1995 in Strasbourg, France, in 
large part through the efforts of A. Fridman, to whose memory this talk is dedicated. Topics reviewed include 
kaon and hyperon physics, charm and beauty production and decays, heavy baryons, the physics of the Cabibbo- 
Kobayashi-Maskawa matrix and CP violation, and precision electroweak analyses. An attempt is made to combine 
a review of the high points of the conference with a more general overview of the field and its prospects. 



1. INTRODUCTION AND DEDICA- 
TION 

This series of conferences was begun in Stras- 
bourg in 1995, largely through the efforts of A. 
Fridman, or "Fredy," as he was known, a remark- 
able individual whom I came to know during one 
of his visits to Tel Aviv University in 1968 and 
later when we were both at CERN. My family 
and I have fond memories of his generous hos- 
pitality in Strasbourg in 1973, when he treated 
us at a restaurant in the nearby French country- 
side to one of the best meals I have ever had. 
Fredy cared deeply about physics and had partic- 
ular tastes (such as heavy baryons) which ensured 
that topics which were not always fashionable re- 
ceived the attention they deserved. We miss him 
greatly. 

The start of my visit to Canada speaks well 
for the visibility of particle physics here. At 
the border the guard asked my wife and me for 
photo identification and for the purpose of our 
visit. When I named the conference, he asked: 
"What's your favorite subatomic particle? Do 
you think dark matter will be found? Will the 
Universe keep expanding or collapse back to a 
point? Personally, I like the cyclic idea." I asked 
him if he wanted to see our proof of citizenship; 



he answered: "Nope. Have a nice day!" We 
later learned that the press coverage of particle 
physics in Vancouver (and the rest of Canada) 
has been extensive, and that the guards are quite 
well-informed. 

This Conference has been an enjoyable mixture 
of topics which, while not all answering the border 
guard's deep questions, shed light on many funda- 
mental issues, such as the pattern of quark masses 
and mixings, the origin of the CP violation in 
the kaon and B meson systems, and possibilities 
for physics beyond the Standard Model. I first 
discuss the unitarity of the Cabibbo-Kobayashi- 
Maskawa (CKM) matrix as probed via the first 
two quark families (Sec. @), and then kaons (Sec. 
||) and hyperons (Sec. [|). A trio of sections is 
devoted to spectroscopy: quarkonium (Sec. ||), 
particles with charm (Sec. ||) and particles with 
beauty (Sec. 0). In the last two of these I also dis- 
cuss weak decays and what they teach us about 
the strong and weak interactions and the CKM 
matrix. A separate section (@) is devoted to 
heavy quark production. I then treat the elec- 
troweak sector in Sec. [| including the neutral- 
current couplings of heavy quarks and the search 
for the Higgs boson. Physics beyond the Stan- 
dard Model (mainly supersymmetry) is discussed 
in Sec. [l0|, while Sec. [ll] concludes. 
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2. CKM AND THE FIRST TWO FAMI- 
LIES 

Is the CKM matrix unitary JO? Superallowed 
transitions in nuclei [|| yield \V u d\ — 0.9740(5), 
while the lifetime and 9a/ 9v of the neutron yield 
a slightly smaller value ~ 0.973 M. The value 
of \V US \ quoted for many years [0, based on 
K e3 decays, has been - 0.220 ± 0.002, yield- 
ing £JKi| 2 = 0.996 ± 0.002, a 2a discrep- 
ancy. At this conference we heard of a new anal- 
ysis of hyperon decays ]4j which gives |I4s| = 
0.2250 ± 0.0027, while a new K e3 experiment g 
is likely to give about a 3% increase in the old 
value of | V us | modulo radiative corrections [[}) . 

The value of \V c d\ is roughly 0.22, in accord 
with unitarity expectations [0. At this confer- 
ence we heard of a new value of \V CS \ extracted 
from W decays 0. Using precision measure- 
ments and theoretical estimates of the W produc- 
tion cross section, the LEP II collaborations have 
measured B(W -> hadrons) = (67.92 ± 0.27)% 
(67.5% in the Standard Model [SM]) and B(W -> 
Iv) = (10.69 ±0.09)% (10.8% in the SM), where 
the SM predictions are based on a s (M\y) = 
0.121 ± 0.002. This constrains £ \Vij\ 2 , where 
i = u,c; j = d, s, b. Subtracting known values, 
one finds |Vc 8 | = 0.996 ±0.013, whereas unitarity 
would predict ~ 0.975. The agreement is better 
than 2a. 



3. KAONS 

The KLOE detector at the DAFNE electron- 
positron collider at Frascati has been studying 
e + e~ — * <p — > . . ., where in addition to KK the 
final states include /07 and ^'7. The newly mea- 
sured branching ratio B(<j> — > — (6.8 ± 0.6 ± 
0.5) x 10~ 5 probes the strange quark content of 
the 7/ @. Writing \rf) = X\uu+dd) / \/2+Y\ss) + 
^ I glue), one finds that X 2 + Y 2 = 0.95±g;^, lim- 
iting the amount of glue in the 77' wave function 



Two events of the rare decay K + — > ~k^vv 
have now been seen [ ^o|Jll| , corresponding to B = 
(1.57±o ga) x 10~ 10 . This is to be compared with 
the SM' prediction of B = (0.82 ± 0.32) x 10~ 10 ; 
the amplitude probes a combination proportional 



to 1 1.4 — p — ir\\ of the Wolfenstein jl2j parame- 
ters p and 77. The goals of BNL experiment E949 
flOf and the Fermilab CKM experiment []l3| are 
to record 10 and 100 events of this process, re- 
spectively, if the SM prediction is correct. 

r°e+e~ and 
at a level consistent with back- 
ground [jTJJ . Further study of radiative K L decays 
(e.g., to 77e + e~) and a search for Ks — > 7r°e + e~ 
will provide useful information. The present limit 
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CP-conserving amplitude for this process is fed 
by rescattering from Kl — > 7r°77, for which 



NA48 has presented new results [|15 16 . The am- 
plitude for K^ — > ifivv is proportional to the 
CP-violating parameter 77. The SM prediction 
B = (3.1 ± 1.3) x 10~ n will be approached step- 
wise, with experiments at KEK (E391), the Japan 
Hadron Facility (JHF) and BNL (KOPIO) (Hj. 

The parameter e'/e in Ks,l - * tttt is still evolv- 
ing. Fermilab E832 presented its value based on 
the full 1996-7 data set, e'/e = (20.7±2.8) x 10~ 4 
0,0- A new valuefrom CERN NA48, e'/e 



(14.8 ± 2.2) x 10~ 4 15 IS], when combined with 



the Fermilab result, yields a world average e'/e = 
(17.0 ±2.9) x 10 -4 , where I have increased the er- 
ror from ±1.7 by S = (x 2 ) 1/2 @- The Fermilab 
experiment's results of its 1999 run should reduce 
the error further. 

The amplitudes contributing to Ks,l ~ * 7T7t 
consist of a penguin (with a weak phase, lead- 
ing only to an I = final state) and a tree (with 
no weak phase, leading to both 1 = and 1 = 2 
final states). The relative phase of the 1 = 2 
and 1 = amplitudes leads to e' 0. Despite 
the difficulty of estimating the relative strength 
of penguin and tree contributions, the Fermilab 
and CERN measurements definitely establish the 
presence of direct CP violation. 

Other rare K decay process include Kl — ► 
e + e~7 and Kl — » /i + /i - 7, whose dependence on 
m(l + l~) probes the form factor in Kl — + 7*7, 
useful for estimating the contribution of the long- 
distance dispersive contribution (and hence also 
the short-distance contribution) to Kl — * p + 
[0]. It now appears that the e + e~7 and /i + /.i~7 
results give the same form-factor parameters, 
which was not always the case. 
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4. HYPERONS 

The neutral hyperons produced in neutral kaon 
beams have been studied at Fermilab j|,[l4) and 
CERN |0). The decay S° -> E+ e -p e is re- 
lated to n — > pe~v e by the U-spin transforma- 
tion d «-> s; differences between the two probe 
SU(3) breaking. The Fermilab group G3 has re- 
cently studied a large sample of events for this 
process. The CERN group Q has measured the 
S° mass much more precisely than previously, al- 
lowing a test of the Coleman-Glashow relation 
m{n) — m(p)+m(E~) — m(S°) = to(E~) — m(E 



IE 



This relation should be good to 0.1 MeV 
as it seems to be. 

Radiative hyperon decays Q have posed a 
long-standing puzzle. Up to now we have not 
had a consistent description of all rates and polar- 
ization asymmetries for the processes E + — * jr/, 
A -► n 7 , S° -> (A,E°)7, S" -> E~7, and 
f2~ — > S _ 7. Early work plj showed that an 
elementary s — > g?7 transition was not enough, 
while a quark-model treatment 0] appeared to 
disagree with data. Recent CERN NA48 data 
on the asymmetry parameter in S° — > A7 seems 
to have resolved the question in favor of the gen- 
eral scheme of predictions of the quark model pi[ 
and in favor of Hara's Theorem ^5| , which says 
that polarization asymmetries in these radiative 
decays should vanish in the limit of exact SU(3). 

The HyperCP Experiment at Fermilab has pro- 
vided new information on charged hyperons. The 
decay f2 _ — ► S~7r + 7r~ has been oberved with 
B = (3.6 ± 0.3) x 10~ 4 |||. The mechanism is 
still unclear; should one see a S*(1530) (3/2 + ) 
intermediate state? The T-violating asymmetry 
in S~ — > A-7r~ — > pir~n~ has been bounded p7j : 
^4ha = (-7 ± 12 ± 6.2) x 10~ 4 , with an error of 
2 x 10 -4 (still above SM expectations) expected 
for the full sample. 



5. QUARKONIUM 

The Belle Collaboration has discovered the ra- 
dial excitation of the So quarkonium ground 
state, the r)' c (2S) with a mass of 3654 MeV @ 
through the decay B -> rf c (2S)K -> K s K ± n T K. 
The 25 hyperfine splitting - rf c = 32 MeV is 



considerably less than the IS splitting J/ip — i] c = 
118 MeV and less than one would estimate on 
the basis of the J/ip and ip' leptonic widths, sug- 
gesting the possibility that coupled-channel ef- 
fects and/or mixing with the -0"(377O) are push- 
ing down the tp' mass |§|(||lj|. 

The search for singlet P-wave cc and bb states 
has not yet produced a firm candidate. The Fer- 
milab E835 Collaboration |}2| still is mute regard- 
ing their previous (E760) claim for a h c = cc( 4 Pi) 
state at 3526 MeV. Suzuki (3|] nas suggested 
looking for B — > h c K, with h c — ► i] c j. As for 
the hb = 66( 1 Pi), which should decay largely to 



"/rjb, it should be produced via T(3S) — > 7T °hb 34 



or T(3S) — > Tr + n~hb [|35j. For other suggestions 
for P-wave singlet observation, and a summary of 
mass predictions, see p6[ . 

The D-wave quarkonium levels |3?],|38|,[39| in- 
clude the observed cc( 3 Di) state V'"(3770) and a 
candidate for a bb( 3 D 2 ) state T(10162) reported 
since this conference by the CLEO Collabora- 
tion at ICHEP2002 in Amsterdam @. Chao H) 
has suggested that the cc(lD 2 ) state may be nar- 
row and easily observed. 

In light of new data on quarkonium decays 
(e.g., |^2pl|| ), new approa ches based on non- 
relativistic QCD (NRQCD) 
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15J , and re- 
alization of the importance of color octet con- 
tributions to quarkonium wave functions, previ- 
ous a s determinations based on heavy quarko- 
nium decays to light hadrons (e.g., |Q) should 
be updated. The BES group [JO] has presented 
impressive evidence that fj (17 10) produced in 
J/i* ~ * hi nas J — 0; it is a leading candidate 
for the lightest glueball. 

6. PARTICLES WITH CHARM 

Candidates for doubly-charmed baryons pre- 
sented by the Fermilab SELEX Collaboration (47[ 
fl8| are summarized in Tabic 1. These entail sev- 
eral mysteries. 

• The FOCUS Collaboration §§ does not see 
a signal, though they detect many more 
Ac's. 

• The isospin splitting between the first two 
states is enormous. One usually expects 
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Table 1 

SELEX Candidates for doubly-charmed baryons. 



State 


Mass 


Sig. 


Mode 




(MeV) 






ccd + 


3519 


6.3cr 


K+K-1T+ 


ccu ++ 


3460 


4.8cr 


A c K~ir + Tr + 


ccu* ++ 


3783 


4.0cr 


A c K~iT + Tr + 



isospin splittings to be at most a few MeV. 

• The production rate of the doubly-charmed 
baryons is so large that fully half of all ob- 
served A c 's must come from their decays. 

• The hyperfine splitting between the last two 
states (presumably J = 1/2 and J = 3/2 
candidates) is larger than one might esti- 
mate by elementary means (see, e.g., pOf). 

Impressive results on charmed particle photo- 
production have been presented by the FOCUS 
(E831) Collaboration at the Fermilab Tevatron. 

Charmed particle semileptonic decays [pl[ have 
yielded evidence for an S-wave Ktt contribution 
under the dominant K* (890) vector meson res- 
onance in D + — » K~n + \i^v^. The branching 
ratio B(D+ -> K*°n+v^) = (5.5 ± 0.4)% is 
larger than the Particle Data Group Q value 
of (4.8 ± 0.4)% but 1.6cr below the CLEO §§ 
value of (6.7 ±0.8)%. It was always puzzling why 
this branching ratio was not larger [|53| . The new 
FOCUS measurement B{D S -> <j) l x+u ll )IB{D s -> 
4>tt + ) = 0.54 ± 0.06 can be helpful in calibrating 
absolute D s branching ratios if supplemented by 
theoretical estimates of the D s — ► (j> form factors. 

Charmed baryon decays p9| have been ob- 
served by FOCUS in several Cabibbo-suppressed 
A+ modes, including T^ + K*° (strangeness S = 
-2), Z+K*° (S = 0), and E-R+TT+ {S = 0). 
Cabibbo- favored S = — 1 modes such as X + 7r + 7r~ 
and T, + K + K~ also have been observed; in the 
latter case the Dalitz plot shows a cj> band in 
K + K~ and a S* band in T, + K~ . As mentioned, 
there are no signs of SELEX's ccq baryons. 

Charmed particle lifetimes j54j exhibit a hier- 
archy which is qualitatively understood from the 
standpoint of heavy quark symmetry. In Table 



2 we compare the FOCUS results with Particle 
Data Group (2002) averages. The FOCUS D s 
and £l c values are preliminary. 

The CLEO Collaboration j5jj has presented re- 
sults on D° — ► K s tt + 7t~ in which the doubly- 
Cabibbo-suppressed decay D° — > K* + ir~ is seen 
via interference on the Dalitz plot. Through a 
study of related decay modes one can learn about 
final-state phase differences |56| in the same way 
as for the Cabibbo- favored modes (57). 

Several presentations at this Conference dealt 
with charmed meson spectroscopy and rare de- 
cays. Predictions of the lowest ccq state dif- 
fered greatly: 3241 MeV @ or 3640-3690 MeV 
p9| , where both values refer to the spin- weighted 
J = 1/2 and J = 3/2 average. The latter is 
consistent with the SELEX |47j] claim. It would 
be helpful to have predictions of hyperfine split- 
tings to compare with SELEX's large value. S. 
Fajfer [Q pointed out that in D — * U7 and 
D — > 77, long-distance effects are likely to dom- 
inate, with B(D° -> 77) ~ 2 ±x x 10~ 8 and 
B(D+ -» p+7) ~ 2 ±1 x (4 x 10- 4 ). Short- 
distance effects could lead to a difference between 
B(D° py) and B{D° -> w 7 ). 

7. PARTICLES WITH BEAUTY 

7.1. Semileptonic decays 

7.1.1. Inclusive b — * c transitions 

The leading-order expression for the semilep- 
tonic b — > c decay width is 

r ° = rS |Kb|2/(Wc/wfc) ' (1) 

where /(a;) is a known function equal to 1 for 
x = and about 1/2 for x — m c /mf,. This expres- 
sion is clearly very sensitive to m^, though less so 
when 771^ — m c is confined within its known lim- 
its (about 3.34 to 3.4 GeV). As a result of work 
reported at this conference |]6l] , |62]j6^ , |6^ , |65| , the 
TOfc dependence is being tamed; information on 
b — > S7 is helpful. Calculations of the semilep- 
tonic spectra agree with experiment and can be 
used for baryons as well |66|]. One finds \V c b\ — 
0.041 with about a 5% error. There seems to be 
no missing charm problem in B decays |65| . 
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Table 2 



Charmed particle lifetimes as of June 2002. 



r(fs) 


D+ 


D ti 


Df 




A+ 


"0 


n2 


FOCUS 


1039.4 
±4.3 ± 12 


409.6 
±1.1 ± 1.5 


506 
±8 


439 
±22 ±9 


204.6 
±3.4 ±2.5 


118 

+ 14 , K 
-12 ^ 


79 
±12 


PDG 
2002 


1051 
±13 


411.7 
±2.7 


490 
±9 


442 
±26 


200 
±6 


98 

+23 
-15 


64 
±20 



7.1.2. Exclusive b — > c transitions 

The measurement of the spectrum in B — > 
D*lv and extrapolation to the zero-recoil (max- 
imum mi v mass) point now has been performed 
by a number of groups, leading to a world aver- 
age .F(l)|y cfc | = (37.8 ± 1.1) x 10~ 3 . CLEO and 
ALEPH find values somewhat larger and smaller, 
respectively, than this average, which also con- 
tains values from Belle, DELPHI, and OPAL. The 
most recent estimate from lattice gauge theory is 
T{\) = 0.919^o;o35, so that this exclusive method 
again gives \V c b\ — 0.041 with about a 5% error. 

7.1.3. Inclusive b^ u transitions 

The decay B — > X u lv is plagued by background 
from B — > X c lv 1 which occurs with about 50 
times the rate. There are several ways to iso- 
late the desired signal ]67|,|68| , |69[ . The best is to 
make cuts in both q 2 — Trq u and Alx , but this re- 
quires neutrino reconstruction. Next best, in that 
order, are cuts in q 2 , Mx, and the lepton energy 
Ei, but this is exactly opposite to experimental 
feasibility! 

At present CLEO [Q has used an inclusive 
method to determine \V u b\ — 0.10|y c fc| with about 
a 15% error; reduction to 10% seems feasible. 

7.1.4. Exclusive b — > u transitions 

The decays B — > (n,p,Lu)li> can provide infor- 
mation on \V u b\ when form factors are specified 
(e.g., through lattice gauge theory calculations). 
A value based on Belle data was presented by 
Piiloncn j70|. The study of B — » ttIv, in partic- 
ular, is helpful in estimating the contribution of 
the tree amplitude in B — > nir if factorization is 



assumed |71 



B a — > D°tt°. The rate for this process was found 
to be sufficiently large that the triangle of com- 
plex amplitudes for B° -> £>°7r°, B° -> D-?r+, 
and B + — ► D°ir + appeared to have non-zero 
area. The branching ratios for the last two pro- 
cesses were based on a sub-sample of the CLEO 
data. Now CLEO has reported a new analysis 
of the last two modes |5f||72|], which strengthens 
the argument for a non-zero final state phase dif- 
ference between the / = 1/2 and 1 — 3/2 am- 
plitudes. Defining Si = Arg(A 3 / 2 /v4 1 / 2 ) (using 
the convention of [5^]), and the new branching 
ratios B(B°_ -> D-n+) = (26.8 ± 2.9) x 10~ 4 , 
B{B+ D°tt + ) = (49.7 ± 3.8) x 10~ 4 _ as well 
as the Belle-CLEO average B(B° -> L>°7r°) = 
(2.92 ± 0.45) x 10~ 4 , one finds (5/ ~ 30°, 16° < 
Si < 33° with 90% confidence, or cos Si < 1 at 
2.4cr. 

Non-zero final-state phases in B decays would 
be useful in observing direct CP violation. No 
such effects have been seen yet; the closest is in 
B — > 7T7T, where Belle sees a direct CP asymmetry 
but BaBar does not (see below). 

7.3. Decays involving r\ and r\' 

A review of B decays involving r\ and X]' was 
presented by B. Brau J7j|. Several speakers 
|74|,|75|,[76| were concerned with whether the large 
branching ratio B(B — > Kr/') ~ 63 x 10 -6 repre- 
sents a serious challenge to theory. The standard 
penguin amplitude may be represented by P, and 
an additional "singlet penguin" contribution, in 
which the rj or rj' couples to the process in a man- 
ner violating the Okubo-Zweig-Iizuka (OZI) rule. 
We represent 



7.2. B — * Dtt isospin triangle 

A year ago Belle and CLEO reported observa- 
tion of some color-suppressed D decays, including 



■q ~ (uu + dd — ss)/VS , 
rj' ~ (uu + dd + 2ss)/V6 



(2) 
(3) 



G 



Table 3 

B branching ratios as function of S/P. 



S/P 


B(ri'K) 


B{rjK) 





26 x 10" 6 





0.4 


60 x 10~ 6 


0.9 x 10~ 6 


0.5 


70 x 10" 6 


1.4 x 10~ 6 



Then (neglecting a small tree contribution to the 
charged B decay) 



A(B —> rjK) = P 



1 



S 



A(B 



V3 
4 

f 7S 



5* 



(4) 



(5) 



The penguin contributions of nonstrange and 
strange quarks interfere destructively in rjK and 
constructively in r]'K j77j. They cancel com- 
pletely for the particular mixing chosen in (|^), 
which corresponds to octet-singlet mixing with 
an angle of 19°. 

Calibrating the strength of the penguin am- 
plitude with the process B + — > ir + K°, whose 
branching ratio is B ~ 17 x 10~ 6 , one predicts 
the branching ratios shown in Table 3. A small 
singlet (S) contribution is needed to obtain the 
observed rj'K branching ratio. This contribution 
is larger than most perturbative QCD estimates, 
but is obtained satisfactorily by Beneke et al. in 
their generalized factorization approach |7^| . 

The pattern of interference of contributions to 
the penguin amplitude of the nonstrange and 
strange quarks is reversed for B — > K*(r), rf) 
in comparison with that for B — > K(i],r)') |77| . 
Thus, one gets contructive interference in B — > 
K*r) and destructive interference in B —* K*rj'. 
With the mixing pattern adopted above, one has 
(again neglecting small tree contributions to B + 
decays) 

A(B -> r,K*) = ^=P PV + -^S PV , 



A(B -> rj'K* 



--Ppv H — j=Spv- 



%/3 V3 
Here it is the rjK* decay which is seen, with a 
branching ratio of about 2 x 10~ 5 173]. If the 



singlet penguin contribution Spv were neglected, 
one would have T(r]'K*) = (l/8)T(r]K*), in the 
absence of phase space suppression, whose inclu- 
sion leads to the prediction B(B — > rj'K*) = 
2 x 10~ 6 . Deviation from this prediction would 
indicate evidence for the singlet penguin |fr9fl . 

The sign flip just mentioned arises from the be- 
havior under charge conjugation when one com- 
pares penguin amplitudes in which the spectator 
quark ends up in the r\ or rj with those in which 
the contains the spectator. Other evidence 
for a similar sign flip arises in the differing relative 
phases of / = 1/2 and 1 — 3/2 amplitudes in D — > 
K*n and D — > Kp |57j, and in the observation 
|7§ that B(D+ -> K*+K°) = (3.1 ± 1.4)% shows 
an enhancement while B(D + — > K + K*°) = 
(0.42 ± 0.05)% does not, presumably because of 
constructive vs. destructive interference of "anni- 
hilation" and "tree" amplitudes. 

7.4. B s —B s mixing and CKM elements 

Experimental |80) and theoretical |[l| aspects 
of B s -B s mixing may be summarized by noting 
that the present lower limit Am s > 14.9 ps _1 was 
not expected until recently to be much below the 
actual value. This was based on the estimate 



Ato, 



2 m B s 



f Bs ^B^ s 



Am d " m Bd " Ib^/Bb 

with lattice gauge theory estimates in the vicin- 
ity of £ ~ 1.14 ± 0.06. However (82), the error 
on £ may have been underestimated in applying 
chiral perturbation theory when extrapolating to 
light masses of the it, d, s quarks; the new value is 
£ = 1.30 ± 0.10, which for fixed Wolfenstein pa- 
rameters (p,rj) changes Am, by +30%, allowing 
values up to 30 ps _1 . For fixed Am s it allows 
larger values of \V t d\, |1 — /? — an d 7- 

A quark model estimate pi| used the near- 
equality of hyperfine splittings in the D*-D s and 
D*-D systems to estimate fpjj fr> — 1.25, with 
the relation Q /b s //b ^ IdJId then yield- 
ing a similar ratio for /b s //b- There are good 
prospects for measuring fp> s / fp, at CLEO-c |8^] . 

7.5. Angles of the unitarity triangle 

The angles of the unitarity triangle were called 
(pi, <p2, and (p3 (opposite the sides correspond- 
ing to the products V* b Vid for the first, second, 
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and third families) in 1987 |pq] . These "hiragana" 
names, used by the Belle Collaboration, are ex- 
pressed in "katakana" by the BaBar Collabora- 
tion as a = (f>2 , = <f>x, and 7 = ^3 . 

D. Marlow [^7) reported a world average 
sin(2^i) = 0.78 ± 0.08 based on the CP asym- 
metries in B — > J/tpKs and closely related de- 
cays, driven mainly by the BaBar and Belle 
data. These have subsequently been updated, 
with BaBar now reporting sin(20i) = 0.741 ± 
0.067 ±0.033 and Belle §§ reporting sin^) = 
0.719 ± 0.074 ± 0.035. My average of these two 
values is 0.731 ± 0.055. 

The best information on fa = a comes from 
B° — > Tr + Tr , whose penguin amplitude (about 
0.3 of the dominant tree) complicates the anal- 
ysis. One can obtain the penguin from B + — > 
K°ir + (where it dominates) with the help of fla- 
vor SU(3) and an estimate of symmetry-breaking. 
Time-dependent asymmetries in this process are 
proportional to sin(Amt) — C T7r cos(Amt). 
The "indirect" S„„ term is proportional to 
sin(2(/) 2o ff ), where 4>2 C s ~ * $2 m the limit of a 
vanishing penguin amplitude. The "direct" 
term is proportional to the sine of a strong phase 
difference between penguin and tree amplitudes, 
expected to be small in the generalized factor- 
ization approach As pointed out by Morii 
|90[ , present data are beginning to constrain 02- 
Datta |n| (reporting on work in collaboration 
with D. London) has noted that analysis of sev- 
eral B° — > K^K^ modes may allow a clean 
determination of <p2- 

The angle cf> 3 = 7 is harder to pin down in a 
model-independent way, though there are ways 
to measure it to about ±10° using various mani- 
festations of tree-penguin interference ]79| , |92] , p3[ . 
These occur in such processes as B — > tttt, B^ — > 
Ktt, B s — > KK, and modes involving one light 
pseudoscalar and one light vector meson. For 
these (as well as for the modes B + — > ir + rj and 
B + — > Tr + rj' which exhibit direct CP asymme- 
tries) it will be necessary to measure branching 
ratios with an accuracy of ± (1-2) xl0~ 6 . 

7.6. SCET and factorization 

The "generalized factorization" approach we 
have mentioned has been simplified considerably 



thanks to work by Stewart and collaborators [|94j , 
who developed a technique known as the soft 
collinear effective theory (SCET). They are able 
to prove factorization to all orders in B° — > 
D~ir + . Corrections of order l/m c are respon- 
sible for the fact that B(D a <K+) ~ 1.85B(D-<k+). 
They are comfortable with the range of Si = 
Avg(A 3/2 /A 1/2 ) reported by CLEO [||7|. An 
investigation of B° — ► ir + ir~ is in progress. At 
stake is whether the strong relative phase between 
tree and penguin amplitudes is small (e.g., J78|) 
or large (e.g., |95|]). At the moment experiment 
is no help in deciding this question, since BaBar 
and Belle report very different values of the direct 
asymmetry parameter C^n, as shown in Table 4. 



Table 4 

Time-dependent asymmetry parameters in B° 



Expt. 




Cuff 


BaBar 


0.02 


-0.30 




±0.34 ±0.05 


±0.25 ±0.04 


Belle 


-1.21 


-0.94 


m 


+0.38+0.16 
-0.27-0.13 


±8:11 ± o-os 



One point in favor of small C wn |92| is 
the flavor-SU(3) relation A(B° -> tt+tt") = 
-A(B° -> K+tt~), where A(B -> PP) = 
T(B — > PP) -T(B -> PP). Since the direct 
CP asymmetry in B° — > K + n~ is small, one may 
also expect it to be small in B° — > 7r + 7r~. 

Applying the SCET, Leibovich |)^] reported on 
a study of T radiative decays near the end point, 
where one can justify the use of a nonperturbative 
"shape function" near z = 2E 1 /M-r = 1. The ef- 
fect of the color-octet admixture in the T wave 
function is found to be surprisingly small. Cal- 
culations are now in progress for the color-singlet 
component of the wave function. 

Colangelo |)?| reported on a study of three- 
body B° — > D*~ Z)M K + decays in which one 
can select the effects of contributing D s poles; 
factorization (like Niels Bohr's horseshoe) works 
even when it isn't supposed to, as has been found 
elsewhere p|JToo|. 
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7.7. B — > (S7, sl + l~ ,l + l~) decays 

The experimental situation on radiative b de- 
cays continues to improve. Brau [jT3[ reported on 
a branching ratio B(B -> A s7 ) = (3.22 ± 0.40) x 
10 _ , to be compared with the standard model 
prediction [pmlJl02| of (3.54±0.49) x 10~ 4 . A lot 
of the theoretical uncertainty arises from uncer- 
tainty in rric/mi,. With 500 fb _1 the experimental 
error is anticipated to be ±1.8%, making ±3% a 
useful theoretical goal. BaBar has an upper limit 
on B — > p7 entailing |Vid/Vt a | < 0.36, approach- 
ing the SM level of 0.2. 

Both BaBar [j73) and Belle [102] now see a 
B^ — > K^l + l~ signal, with BaBar newly re- 
porting B = (0.84l°J°t°;i°) x 10~ 6 . Belle's 



inclusive branching ratios B(B 

andB(S^ X s l+l~) = (7.1 ± 



.9i|?i^)xio- 6 



l-6^i'|) x 10 6 are a bit above the SM predictions 



101C of 6(B 

B(B^X s /x+m~) 



(6.9±1.0)x 10" 6 and 
(4.2 ±0.7) x 10~ 6 . 



In a discussion of radiative b decays and related 



gateways to new physics, Hiller [101] listed the 
"Top 10 observables beyond b — > 37." Briefly 
these are: (1) CP violation and (2) photon he- 
licity in b -> s 7 , (3) sin(2</>i) in B ^ (4) 
the dilepton mass spectrum and (5) the forward- 
backward asymmetry in b — > sl + l~ , (6) the ques- 
tion of where and whether this asymmetry van- 
ishes as a function of dilepton mass, (7) CP vi- 
olation in this forward-backward asymmetry, (8) 
B s -B s mixing and the effects of Z penguins, (9) 
Higgs boson exchange in B — > , and (10 ) the 
neutron electric dipole moment. Geng [ 104 1 has 
suggested looking for new physics in T-violating 
observables in A(, — > Ae + e~; P. Cooper pointed 
out in the discussion that one should first look for 
the muc h m ore abundant process S + — * pe + e~. 
Huang Jl05| notes that an interesting level for 
B(B° — ► to display non-standard physics 

is in excess of 2 x 10 -8 , which sets an initial goal 
for high-statistics studies of this low-background 
process. 

8. HEAVY QUARK PRODUCTION 

The fragmentation of c and b quarks produced 
in Z decays turns out to be an important source 
of charmed and b flavored baryons. The DEL- 



PHI Collaboration [10E] has presented evidence 
for c — * — > S~7r + and b — > Sb — * "ETlX with 
branching ratios B ~ 5-6 x 10~ 4 . 

The color-octet part of the quarkonium wave 
function seems to be needed to explain J/tp pro- 
duction at the Tevatron, but it is not so clearly re- 
quired in some other cases [ 107 1 . It is also claimed 
to be needed in the des cription of decays to light 
hadrons (see, e.g., [108]), raising the question of 
how the value of a s (m&) extracted in older anal- 
yses (e.g., 0) would be affected. In production 
models, one of the hardest things to get right is 
the J/ip polarization, reminiscent of the difficul- 
ties that Regge pole fits in the 1960s had in coping 
with polarization data. 

The production cross section for b quarks at 
the Tevatron 



[jl09j (and also in ep 110 and 77 
reactions) exceeds the predictions of non-leading- 
order (NLO) QCD, by as much as a factor of 2.5 
in the case of pp collisions at 1.8 TeV. Is this due 
to a subtlety in the choice of QCD scale or an in- 
dication of new physics? One proposed scenario 



111] involves a light gluino and b squark, whereby 



gluino pair production boosts the b quark produc- 
tion cross section. It seems difficult to rule out 
this scenario based on the Q 2 dependence of a s 
112]. Hadronic and ep charm production, para- 



doxically, seems less out-of-line 11C ] . 

Leading-quark effects in hadronic charm pro- 
duction have been studied by the SELEX Collab- 
oration [113]. The presence of a specific quark or 
antiquark in the beam governs the nature of the 
leading D or D, which will contain that quark. 
An interesting difference between xf distribu- 
tions occurs between D + and D* + produced by 
£~ beams. 

The HERA-b Collaboration has measured the b 
production cross section for 920 GeV protons on a 
fixed nuclear target: o~(bb) = 32 j^ 4 ^ nb/nucleon 
[114]. At this energy roughly 1/3 of prompt J/ip 
particles come from \c — * J/ipJ- 

In a tour de force of track finding and scan- 
ning, the CHORUS Collaboration has measured 
D° and A c yields in charged-current neutri no in - 
teractions at average beam energy 27 GeV |ll5| : 



a(D°) 



= (1.99 ±0.13 ±0.17)% 
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S(A C 



(1.39 ±0.18 ±0.27)% 



tell us whether this is the correct alternative. At 



A cut < 30 GeV was imposed in order to en- 
sure sufficient hadronic boost in the hybrid emul- 
sion detector. 

Heavy-ion hyperon and charm production has 
been studied at CERN [116]. There appears 
to be an enhancement of hyperon production in 
nucleus-nucleus collisions, while an abrupt sup- 
pression of J/ip production occurs as the atomic 
number of the colliding particles is increased, sug- 
gesting the onset of production of a quark-gluon 
plasma in which quarkonium is dissociated. 

9. ELECTROWEAK SECTOR 

A persistent problem in fits to precision elec- 
troweak data has been the forward-backward 
asymmetry in e + e" — > bb |117[ ]. It is given 
in terms of couplings of left-handed and right- 
handed fcrmions i to the Z by 



A FB — -A(,A e 



9 m 



At 



9 m 



In the SM one has <jx e = —(1/2) + sin 

g Re = sin 2 0, g Lb = -(1/2) + (1/3) sin 2 " 
„2 



9Rb = 

(1/3) sin 2 9. The observed value of A b FB entails 
sin 2 9 = 0.23218 ± 0.00031, to be compared with 
0.23149 ± 0.00017 in the overall fit. This could 
be interpreted as a discrepancy in gm,, with the 
data implying 0.095 ± 0.008 to be compared with 
~ 0.077 in the SM. However, g^b seems to agree 
roughly with its SM value of ~ —0.42. Other 
data, such as the polarization asymmetry Alr 
measured at SLD |118fl , suggest a lower value of 
sin 2 9, entailing a value of the Higgs boson mass 
Mh l owe r than the experimental lower b ound ! 
(See ]|119| for a discussion.) Above the Z [|120| , 
there seem to be no anomalies in electroweak cou- 
plings. The t lepton appears to beh ave as a 



standard-model sequential fermion 121 



If one also in clud es recent data from the NuTeV 
Collaboration fl22f on the neutral current cross 
section <jnc{vN) for deep-inelastic scattering of 
neutrinos on nucleons, which entail a higher value 
of sin 2 9, the overall quality of the fit to elec- 
troweak data is degraded, but the bound on Mh 
is relaxed [ 123, 124| . Higgs boson searches will 



LEP |124| , only ALEPH claims a signal (3cr, 115.6 
GeV), diluted to 2.1cr when data from DELPHI, 
L3, and OPAL are included. The m easu rement of 
four-fermion production at LEP II |l25| is instru- 
mental in understanding backgrounds. Inclusion 
of NuTeV data in electroweak fits relaxes the up- 
per bound on Mh to 212 GeV, assuming only 
Higgs doublets acquire vacuum expectation val- 
ues (VEVs). With less than a 3% admixture of 
weak-SU(2) triplet VEVs, this bound is removed 
for all practical purposes [ 123 1 . 



10. BEYOND THE STANDARD MODEL 

The reigning candidate for physics beyond the 
Standard Model is supersymmetry, a beautiful 
concept which implies that there may be quan- 
tities more fundamental than space and time. Its 
implementation at the electroweak scale is prob- 
lematic for model-builders, perhaps because of 
a lack of experimental clues. I am tempted to 
ask, as A. Pais used to do on other occasions, 
"Where's the joke?" Are we simply going to be 
confronted with a whole new set of superpartner 
masses and mixings as inexplicable as those of 
the quarks and leptons? Or will supersymmetry 
help us understand something about the pattern 
of quark and lepton families? 

A very nice review of LEP searches for super- 



symmetry was presented by B. Clerbaux [ 126 1 . 
I am partial to one scheme based on the grand 
unified group Eg that is at least partly super- 
symmetric. Start with the grand unified group 
SO (10), in which each quark and lepton family - 
including a right-handed neutrino - is represented 
by a 16-dimensional spinor. The simplest scalars 
in this scheme correspond to the 10-dimensional 
vector representation. Superpartners of these 
states would be 16-dimensional scalars (squarks 
and sleptons) and 10-dimensional fermions (hig- 
gsinos). By adding one more SO(10) singlet per 
family, one can form families which belong to the 
27-dimensional (fundamental) representation of 
E$. The three SO(10) singlet fermions correspond 
to sterile neutrinos. The Eg group fits nicely into 
superstring schemes, and has been dis cusse d re- 
cently by Bjorken, Pakvasa, and Tuan [ 1 27 1 . 
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Present e + e~ searches for supersymmetry (or 
for any particles coupling with at least elec- 
troweak strength to the 7 and Z) typically ex- 
clude most superpartners with masses less than 
the beam energy minus a small model-dependent 
amount. Unsurprisingly, lower limits at the Teva- 
tron tend to be higher but require a larger mass 
difference between the next-to-lightest and light- 
est superpartner. 

11. PROSPECTS 

Future experiments on beauty, charm, and hy- 
perons hold great promise. BaBar and Belle 
each are approaching integrated luminosities of 
100 fb^ 1 and expect to have 500 fb _1 by 2006. 
The CDF and DO detectors have new capabil- 
ities for studying b physics with high statis- 
tics and mayhave a shot at the Higgs boson 
[ lQ9j^28j[l29Ul30|| . The CLEO-c project §| is on 
track to make a major impact on charm stud- 
ies in the next few years. In the longer run , the 



forward spe cial- purpose detectors BTeV [ p.3l||l32 | 
and LHCb [133] will be designed to take advan- 
tage of the relatively large hadronic b produc- 
tion cross section while suppressing backgrounds. 
The general-purpose ATLAS and CMS detec- 
tors at the LHC also will have many capabili- 
ties related to topics discussed at this Conference 



1 134|135| , |136[|1371 , |138| , |139 1 . 

Examples of questions I would like to see an- 
swered are the following. 

(1) What value of 02 = a is implied by the 
indirect CP asymmetry in B° — » tt + it~? The 
BaBar-Belle discrepancy should be resolved. The 



branching ratio B(B° 



) is itself of in- 



terest. It can be combined with information on 
B — > nil/, using factorization, to estimate the ef- 
fects of tree-penguin interference jn| . 

(2) What is Ato s ? This will be an early Teva- 
tron result if all goes well. 

(3) Can we obtain a value of 03 = 7 by study- 
ing such decays as B° — > 7r + 7r~, B s — ► K + K~ , 



and (B° or B s 



K 



or will symmetry- 



breaking and rescattering effects prove uncontrol- 
lable? Measurements of branching ratios at the 
level of 10~ 7 will help settle these questions. 
(4) Can we exploit B s — > J/ip^ by employing 



transversity analyses to separate out CP-even and 
CP-odd final states? The CP eigenstates J/ifjrj or 
J/ifji] 1 mav a l so be useful. The Standard Model 
predicts the CP asymmetries in these modes to 
be small but there could always be surprises. 

(5) If we see non-standard physics (e.g., in B — > 
4>Ks), will we able to identify it? Hiller's "top 
10" list [101] is an interesting starting point; what 
then? 

(6) If we see a Higgs boson, will we be able to 
tell whether it is the Standard Model or super- 
symmetric variety? 

(7) Are we sufficiently attuned to the wide va- 
riety of new things we could see (supersymmetry, 
extra dimensions, exotic quarks and leptons, . . .) 
at Tevatron Run II? 

(8) What will the LHC reveal (and when)? 
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